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Cdx gene products regulate the extent of axial elongation from the posterior growth zone. These
transcription factors sustain the emergence of trunk and tail tissues by providing a suitable niche in the
axial progenitor zone, via regulation of Wnt signaling. Cdx genes are expressed in and along the
complete primitive streak including its posterior part wherefrom the extraembryonic mesoderm of the
allantois emerges. Cdx genes are required for the full development of the allantois and its derivatives in
the placental labyrinth. The mouse germ cell lineage also originates from the proximo-posterior
epiblast of the primitive streak, and is established within the extraembryonic mesoderm that generates
the allantois. We asked whether the expression of Cdx genes around the newly speciﬁed PGCs is
necessary for the maintenance and expansion of this population, as it is for the allantois and axial
progenitors. We observed a signiﬁcantly lower number of PGCs in Cdx2null embryos than in controls. We
found thatWnt3a loss of function decreases the PGC population to the same extent as Cdx2 inactivation.
Moreover, exogenous Wnt3a corrects the lower PGC number in Cdx2null posterior embryonic tissues
cultured in vitro. Cdx2 is not expressed in PGCs themselves, and we propose that the expression of Cdx2
in posterior extraembryonic tissues contributes to the proper niche of the germ cell progenitors by
stimulating canonical Wnt signaling. Since PGC residence within the posterior growth zone is a mouse-
speciﬁc feature, our data suggest that mouse PGCs opportunistically became dependent on the axial
progenitor niche.
& 2012 Elsevier Inc. All rights reserved.Introduction
Cdx genes belong to the Para-Hox gene family. They control
antero-posterior embryonic patterning (Deschamps and van Nes,
2005), and are required for completion of posterior axial elonga-
tion of the mouse embryo (Young et al., 2009). They are believed
to maintain the activity of axial tissue progenitors in the primitive
streak area and subsequently in the tailbud, which both consti-
tute the embryonic posterior growth zone (Young et al., 2009).
Cdx mutations compromise axial extension and are thought to
deplete the growth zone from progenitor activity. They arrest
nascent mesoderm emergence and neurectoderm expansion.
They are therefore presumed to affect the axial progenitor
population present between the node and the most anterior partll rights reserved.
hamps).
gency for Science,
l Grove, Singapore 138648,of the primitive streak, which was shown by Cambray and Wilson
(2002, 2007) to deliver somitic mesoderm and neurectoderm
descendants to the elongating axis. Grafting this population from
a Cdx mutant embryo orthotopically to a wild type recipient
rescues their contribution to mesoderm and neurectoderm that
was impaired by the Cdx deﬁciency (Bialecka et al., 2010). Cdx
mutations thus affect the environment of the axial progenitors
rather than the self-renewal and differentiation potential of these
progenitors themselves. Gain of canonical Wnt signaling rescues
the posterior truncation of Cdx mutants at least partially, arguing
for a main function of this pathway downstream of Cdx during
posterior axial extension (Young et al., 2009). Cdx mutations also
affect the generation and patterning of lateral mesoderm that
arises from more posterior parts of the primitive streak (van de
Ven et al., 2011), and they impair the patterning of the allantois
(van Nes et al., 2006), a structure formed from extraembryonic
mesoderm generated at the most posterior end of the primitive
streak. The Cdx genes thus appear to be required for tissue
generation activities present all along the anterior to posterior
levels of the primitive streak. The three Cdx genes act redundantly
M. Bialecka et al. / Developmental Biology 371 (2012) 227–234228and in a dosage-dependent manner, by providing necessary
signaling in the surrounding of progenitors for posterior tissues
in the growth zone (van de Ven et al., 2011; van den Akker et al.,
2002; Young et al., 2009).
The mouse germ line is speciﬁed from a founding population
of primordial germ cells (PGCs) present within the extraembryo-
nic mesoderm emerged at posterior primitive streak levels in the
spatiotemporal window of Cdx expression. Two distinct modes of
germ line speciﬁcation have been revealed in metazoans, the
early localization of maternal determinants (preformation), and
later induction by surrounding tissues (epigenesis) (Extavour and
Akam, 2003), whereby induction is thought to be the ancestral
mechanism (Extavour and Akam, 2003). In vertebrates, while
molecular principles of the inheritance mode have been found in
teleost ﬁshes, in chicken and in amphibian anurans (Extavour and
Akam, 2003), experimental work at the molecular level supports
the involvement of epigenetic induction of germ cell determina-
tion in mammals, as shown for the mouse (Ohinata et al., 2009)
and the rabbit (Hopf et al., 2011). Germ cell fate in the mouse
epiblast arises around E 6.0 at the early primitive streak stage,
induced by BMP4 signals from the extraembryonic ectoderm
(Ohinata et al., 2009). During this early step, action of the very
ﬁrst Wnt ligand, Wnt3, is needed in the posterior epiblast to allow
BMP4 to later induce the transcriptional repressor Blimp1 and
specify PGCs (Ohinata et al., 2009). Lineage restriction of the PGCs
at the late streak stage coincides with their expressing Blimp1
(Ohinata et al., 2005). Other genetic components, namely the
transmembrane protein Fragilis1 and the nuclear and cytoplasmic
protein Stella, have been shown to contribute to organizing a
niche for PGC speciﬁcation at the late streak stage (Saitou et al.,
2002). This PGC niche is located in the posterior proximal
extraembryonic mesoderm, within the area containing the pre-
cursors of the allantois, and within the early domain of expression
of Cdx2 (Beck et al., 1995; van Nes et al., 2006). But Blimp1 in the
lineage-restricted PGCs represses the somatic program including
Cdx2, and re-initiates the pluripotency genes (Ohinata et al.,
2005). Cdx2null mutants are impaired in allantoic growth. We
therefore wondered whether the founder PGCs would be affected
by the Cdx mutations, as are the progenitors of the allantois (van
Nes et al., 2006), and the precursors of axial tissues located more
anteriorly along the primitive streak (van Rooijen et al., 2012;
Young et al., 2009). We investigated whether Cdx2null mutants are
impaired in maintaining their PGC population at the time PGCs
reside in the normal Cdx expression domain and, if they are,
whether this defect reﬂects a decrease in canonical signaling
downstream of Cdx, as shown for the maintenance of the axial
progenitors (Young et al., 2009). We show that mouse PGCs
beneﬁt from the growth zone-encompassing progenitor mainte-
nance by Cdx genes. We document that Cdx2null mutants have a
reduced PGC population at late primitive streak and following
stages,Wnt3anull mutants exhibit a similar PGC reduction, and the
PGC deﬁcit in Cdx2 mutants is corrected by exposure to Wnt3a.
We discuss the mouse-speciﬁcity of the Cdx/Wnt3a-dependence
of the PGC population, and its inherence to the fact that PGCs in
other vertebrates and even other mammals have been reported
not to reside in the posterior growth zone at the corresponding
phase of their maintenance and expansion.Materials and methods
Animals
All mice were in the C57Bl6j/CBA mixed background and were
housed according to the ‘‘law on animals in experiments’’, under
the licenses required in the Netherlands. Generation andgenotyping of the strain carrying the Cdx2 conditional allele was
described earlier (Stringer et al., 2012). We used the Cdx2
conditional allele and the Sox2Cre transgenic strain of mice
(Hayashi and McMahon, 2002) to by-pass the implantation block
and generate Cdx2null embryos. The Wnt3a strain was obtained
from S. Takada (Takada et al., 1994). Embryo staging was accord-
ing to Downs and Davies (1993).
AP staining and immunoﬂuorescence
Dissection of embryos and AP staining was performed accord-
ing to Lawson et al. (1999). Pre-somitic embryos were dissected
and ﬁxed as described earlier (Lawson et al., 1999). For identiﬁca-
tion of PGCs we used a rat anti-Blimp1 antibody (Santa Cruz;
1:50) and a rabbit anti-Fragilis1 antibody (Abcam; 1:500). Appro-
priate secondary antibodies were obtained from Jackson Immu-
noresearch and used in the dilution 1:500. DAPI (Invitrogen) was
used for counterstaining the nuclei. TUNEL staining (Roche) to
detect apoptosis was performed according to the manufacturer’s
manual.
Statistics on PGC counting
The data distribution for each group was analyzed with the
Kolmogorov–Smirnov test. The Z value was used as criterion
indicating normal data distribution. Since the data distribution
was not normal, the Mann–Whitney U test was used to evaluate
the difference between genotypes. pr0.05 Was considered
statistically signiﬁcant. n indicated po0.001, unless stated other-
wise. Values shown on graphs are median values (black bars).
In vitro culture
Embryos from streak stages on (M/LS-LHF) were isolated and
dissected in a cold medium with 7.5% fetal bovine serum (FBS)
and 1 mM HEPES (Sigma). Posterior embryonic pieces were
cultured in 4-well dishes (Nunc) on glass coverslips in GMEM
based standard medium with 15% FBS on a monolayer of irra-
diated mouse embryonic ﬁbroblasts for 46–48 h in a humidiﬁed
incubator at 37 1C with 5% CO2 in atmospheric conditions; for
details see Chuva de Sousa Lopes et al. (2005). Embryonic tissues
were ﬁxed and subjected to AP staining as described above. In
rescue experiments, the medium was supplemented with 40 ng/
ml Wnt3a at the starting point of the culture. Recombinant mouse
Wnt3a protein was produced in Drosophila S2 cells grown in
suspension culture, and puriﬁed by Blue Sepharose afﬁnity and
gel ﬁltration chromatography (Willert et al., 2003).
In situ hybridization
Whole mount in situ hybridization with Cdx2 (Beck et al.,
1995) and Wnt3a (Roelink and Nusse, 1991) riboprobes was
performed as described by Young et al. (2009).Results
The Cdx2null mutation affects derivatives of the posterior
extraembryonic mesoderm
The expression of Cdx2 is initiated in the posterior part of the
primitive streak at the late streak (LS) stage (van Nes et al., 2006).
At a slightly older stage, the gene is expressed along and adjacent
to the full length of the primitive streak (Fig. 1A). This area
harbors the progenitors contributing to posterior tissues of the
trunk and tail (Fig. 1B), which are affected by the Cdx2null
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Fig. 1. Cdx2null embryos are severely truncated and exhibit impaired allantoic
growth. A—early allantoic bud stage (EB) embryo, hybridized with a Cdx2 probe.
B—overview of the progenitor populations located along the primitive streak at
the EB stage, based on fate mapping studies (Lawson et al., 1991; Tam and
Beddington, 1987, 1992; Tam et al., 2007). C, D—phenotype of wild type and
Cdx2null embryos at the LHF stage. Note the severely reduced allantoic bud (al) in
the mutant. Scale bars 200 mm.
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Fig. 2. Cdx2null embryos have a reduced PGC population at early somite stages.
A, B—alkaline phosphatase (AP) staining visualizing the PGC population in a
5-somite stage wild type and Cdx2null embryo, respectively. C—comparison of the
total PGC population in Cdx2null and wild type embryos at early somite stages.
Black lines are regression lines. Scale bar 200 mm.
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mutants are considerably truncated (Fig. S1A–D). The area ﬂanking
the posterior part of the primitive streak also contains the progeni-
tors of the extraembryonic tissues of the allantois (Fig. 1B). These
progenitors are also affected by the Cdx2 mutation and Cdx2null
mutants have a severely shortened allantois (Fig. 1C, D). Impair-
ment of allantoic growth prevents the ontogenesis of a functional
chorio-allantoic placenta, causing Cdx2null mutant embryos to die at
E10.5, as do the less severely affected compound mutants
Cdx2hetCdx4null (van Nes et al., 2006). The fact that PGCs are known
to reside within the Cdx2-expressing posterior extraembryonic
mesoderm that is affected by the Cdx2 mutation, motivated us to
investigate whether the PGC population is also impaired by the loss
of Cdx2.
The speciﬁed PGC population does not expand in Cdx2null mutant
embryos
A founding population of 40/45 PGCs is established by the late
streak (LS)/early allantoic bud (EB) stage at the base of the allantois
(Lawson et al., 1999; Lawson and Hage, 1994; Tam and Snow, 1981),
an area expressing Cdx2. We quantiﬁed the PGC population of
Cdx2null mutants at this and later stages, using a speciﬁc staining
pattern of tissue non-speciﬁc alkaline phosphatase (AP; Ginsburg
et al., 1990) (Fig. 2A, B). At the 4/5 somite stage, when wild type
embryos have about 70 PGCs (Ohinata et al., 2005), the number of
PGCs in the mutants was nearly half of that in wild types (39 and 71
respectively) (Figs. 2A, B and S2). We observed a clear reduction in
the number of PGCs in the Cdx2null embryos in comparison with their
wild type littermates at all somite stages analyzed (Fig. 2C). The slope
of the regression line for mutant embryos was slightly ﬂatter than
that for the wild types (Fig. 2C), suggesting slower proliferation ofPGCs in the mutant. However, this change of slope could not be
assessed quantitatively. When PGCs were counted in the mutant and
control embryos, signiﬁcantly lower numbers (po0.001) were found
in the mutant situation at all time points. The elevation of the
mutant regression line was thus signiﬁcantly lower than that of the
wild type, indicating that the PGC population is already reduced in
Cdx2nullmutants at the beginning of somite formation. While the PGC
population increases within the extraembryonic mesoderm at early
somite stages, individual PGCs start migrating towards the hindgut
endoderm. Since posterior endoderm expansion is affected in Cdx2null
mutants, we did not analyze embryonic stages older than 12 somite
pairs when PGCs normally have moved into the hindgut endoderm.
We wanted to assess whether the earliest population of estab-
lished PGCs is affected in Cdx2nullmutant embryos. Lineage restriction
of initial PGCs occurs around the late primitive streak stage (LS),
before emergence of the allantoic bud, at the time and in the region
where Cdx2 starts being expressed. Allocated PGCs express Blimp1
and Fragilis1 and do not express Cdx2 (Kurimoto et al., 2008). We
used Blimp1/Fragilis1 double immunoﬂuorescence (Fig. 3A–C) to
identify the early PGCs, since distinct AP activity cannot be detected
before the late allantoic bud stage. At the LS stage and before allantoic
bud formation (0B) the number of PGCs in the Cdx2null embryos was
similar in mutants and wild type littermates (around 12–17, Fig. 3D).
Thereafter the PGC population in Cdx2null mutant embryos did not
increase as much as in wild type counterparts (Fig. 3D). At the LHF
stage, the number of PGCs was signiﬁcantly lower in mutants
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Fig. 3. The PGC population is speciﬁed but not maintained in Cdx2null embryos. A–C-representative immunostaining with anti-Fragilis1 and anti-Blimp1 antibodies identifying
PGCs in pre-somitic stage wild type (A) and Cdx2null embryos (B, C). Besides the reduced number of PGCs, some Cdx2null embryos have strongly clustered PGCs (C). D—number of
PGCs plotted against progressing developmental stages. The initial number of cells in the late streak embryos in wild types and mutants is similar, but the number of PGCs in
Cdx2null embryos does not increase as much as in the wild types. npo0.001, scale bar 50 mm; black horizontal bars on the graph indicate median values.
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Fig. 3D). These data indicate that the inactivation of Cdx2 is
compatible with normal PGC allocation but compromises the increase
of the allocated population. We did not detect any apoptosis in the
posterior part of Cdx2null embryos (Fig. S3), making it likely that the
mutation impairs PGC proliferation.
In wild type embryos, PGCs form a cluster of around 20 cells at
the allantoic bud stage that has dispersed by the LHF stage. In 40%
of Cdx2null embryos, PGCs remained clustered until the LHF stage
and in some cases up to the 3-somite stage (Fig. 3C). The total
number of PGCs in Cdx2null embryos containing this persistent
cluster was similar to that in embryos without such a cluster. We
did not observe PGC clusters later on in embryonic development
and assume that Cdx2 deﬁciency causes a delay in the breaking
down the early PGC cluster. We conclude from our follow up of
the PGC population between its early allocation and its expansion
in the posterior extraembryonic mesoderm that Cdx2 inactivation
does not affect PGC allocation but prevent the allocated popula-
tion to expand as in wild type embryos.
Wnt3anull embryos have a reduced PGC population
Since Cdx genes have been shown to impair axial tissue expansion
from the posterior growth zone by sustaining canonical signaling inmouse embryos (Young et al., 2009), we set out to examine whether
Wnt3amutants had a reduced PGC population.Wnt3a is expressed in
the primitive streak region of the embryo (Takada et al., 1994) at the
time of PGC population expansion. Wnt3a is required for the main-
tenance of axial progenitor activity in the embryonic posterior growth
zone, since Wnt3anull embryos exhibit posterior axial truncation
(Takada et al., 1994) to a similar extent as Cdx2null embryos do (Fig.
S4). At the difference with Cdx2null embryos,Wnt3anullmutants do not
present a defect in allantoic growth (Fig. S4D), and they form a
functional chorio-allantoic placenta and develop to term. The PGC
population of Wnt3anull mutants was similar to that of controls at
head-fold stages (Fig. 4C) but was strongly reduced at somite stages
(Figs. 4C and S4C). In 4–6 somite stage embryos the PGC population
was reduced by about 40% in comparison with the situation in wild
types (Fig. 4C), and it did not further increase (Fig. S4C). These data
indicate that Wnt3a, like Cdx2, is needed for the allocated PGC
population to normally expand in the posterior extraembryonic
mesoderm of the mouse embryo before it migrates to the hindgut
endoderm. Our previous work has shown that the activity of Cdx2 in
axial tissue growth is exerted via canonical Wnt signaling (Young
et al., 2009). Examination of the expression of the Wnt3a-encoding
gene in Cdx2null mutant embryos suggests that the absence of Cdx2
leads to a reduction of the Wnt3a expression domain at the early
somite stage (Fig. 5), a reduction that could reﬂect the decrease in
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Fig. 4. Wnt3anull embryos have a reduced PGC population. A, B—representative AP staining of the posterior part of 5-somite stage wild type (A) andWnt3anull (B) embryos.
C—number of PGCs in wild type and Wnt3anull embryos plotted against developmental stages. At presomitic stages, PGCs were detected by Fragilis1/Blimp1 double
immunostaining; at somite stages they were revealed by AP staining. A signiﬁcant difference between the PGC populations is evident at somite stages. Black bars on the
graph, median values; scale bar 200 mm. npo0.001.
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Wnt3a expression. The expression level of Cdx2 appeared to be lower
in Wnt3a mutant embryos than in controls, at a stage when the PGC
population is reduced in these mutants. Wnt3anull mutants exhibit a
more severe caudally deﬁcient phenotype than Cdx2nullmutants, their
posterior part being not only shorter but also narrower than in
controls (Figs. 5 and S4D). Cdx2 depletion affects the allantois
whereas Wnt3a inactivation does not. However, embryos lacking
both Lef1 and Tcf1 are deﬁcient in placentogenesis (Galceran et al.,
1999), and a gain of function of Lef1 rescues the placental defect of
Cdx mutant embryos (Young et al., 2009), suggesting Cdx2 affects
allantoic development by modulating the Wnt pathway more gen-
erally than by decreasing the expression of Wnt3a.
The PGC population of Cdx2null posterior tissues is corrected to wild
type level in the presence of added Wnt3a
The data presented above indicate that both Cdx2 and Wnt3a
are required for normal PGC population expansion in the mouse
embryo. We asked the question whether the PGC population of
Cdx2null mutants could be rescued by a gain of function of Wnt3a.
We used a culture system of posterior embryonic tissues (Fig. 6A)
shown earlier to be suitable for PGC allocation and expansion(Chuva de Sousa Lopes et al., 2005). This approach is valid for
analyzing the PGC population after allocation (LS/0B stage)
because the PGC population then increases exclusively by pro-
liferation and not by further recruitment from the epiblast (Chuva
de Sousa Lopes et al., 2005; Lawson and Hage, 1994; Ohinata
et al., 2009). We further validated the suitability of the system by
observing that the posterior parts of control and Cdx2null embryos
isolated at the late streak stage and cultured in the standard
medium for 2 days manifest the same difference in PGC popula-
tion expansion as intact embryos at corresponding stage in vivo
(Fig. 6B and C). We then cultured posterior halves of wild type
and Cdx2null embryos in medium supplemented with Wnt3a. After
a 2-day culture period in these conditions, the mutant PGC
population had expanded to the same range as in the wild type
situation (Fig. 6B and C). In most cases delayed dispersion of the
initial PGC cluster was still observed in Cdx2null explants cultured
with Wnt3a, suggesting that this aspect of the phenotype was not
rescued by up-regulating the Wnt pathway in the conditions we
used. The ability of Cdx2null PGC population in cultures explants to
respond to the exogenous Wnt3a stimulus seems to be restricted
to a developmental window comprised between the LS and HF
stages (Fig. 6C). These results show that exogenous addition of
Wnt3a to posterior embryonic explants at the stage when the PGC
Wild type Cdx2null
Wild type Wnt3anull
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Fig. 5. Expression of Wnt3a in Cdx2null embryos and of Cdx2 inWnt3anull embryos.
In situ hybridization with a Wnt3a probe (A, B) of a wild type (A) and a Cdx2null
mutant (B) at the 5,6 somite stage. C, D—in situ hybridization with a Cdx2 probe of
5-somite wild type (C) and Wnt3anull (D) embryos. Wild type embryos in A and C
are lying in the most suitable way to document gene expression in their posterior
parts; their curved middle part is below the plane of the photograph, and they are
therefore longer than they seem. The mutant embryos in B and D are lying ﬂat;
their axis is shorter than that of the wild types. The allantois of embryo in D was
lying underneath the embryo and had to be removed to photograph the posterior
part of the embryo appropriately.
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bud and HF stages) corrects the proliferation deﬁcit of this PGC
population of Cdx2null mutants. This rescue by Wnt3a of Cdx2null
PGC expansion, together with the similarity of the PGC population
deﬁcit in Cdx2null and Wnt3anull mutants in vivo, suggests that the
mouse PGC population at post-allocation stages is depending on
Wnt signaling in its surrounding, like the other tissue progenitors
in the posterior growth zone are.Discussion
Cdx2 contributes to the expansion of the established PGC population
via Wnt signaling in mouse embryos
Loss of Cdx2 impairs the expansion of the germ cell population
at primitive streak and somite stages, and the Wnt3a mutation
causes the same impairment. In both these mutants the number
of PGCs was reduced by half. The process of PGC allocation was
not disturbed by the mutations but the allocated PGC population
did not increase as it normally does before PGCs migrate toward
the hindgut endoderm. Addition of Wnt3a to posterior embryonicexplants of Cdx2null embryos cultured from the late streak stage
restored the PGC population to nearly wild type levels.
Mouse PGCs are allocated within the extraembryonic meso-
derm that arises from the posterior primitive streak. After the
germ cells segregate from the somatic cells at allocation, they
transiently reside in the posterior growth zone at late streak and
early somite stages. Our ﬁndings show that they then depend on
Cdx and Wnt signaling in the same way as posterior axial tissue
progenitors do. PGCs thus seem to be submitted to the regulatory
role of Cdx exerting a sustaining function on progenitors in the
posterior growth zone, mediated by the Wnt pathway (Savory
et al., 2009; Young et al., 2009). The germ line in mice thus
depends on the same regulation as the somatic trunk and tail
tissues, and PGCs and axial progenitor share a niche in the
embryonic posterior growth zone.
An intrinsic and an opportunistic PGC niche component in mouse
embryos
Two fundamentally different modes of germ line speciﬁcation
have been described in animals: the inheritance of maternally
provided cytoplasmic determinants after fertilization (preforma-
tion), and the later induction of PGCs by cell interactions at
particular positions of the embryo (epigenesis) (Extavour and
Akam, 2003). In Drosophila, the prototype of the ﬁrst mode of
germ cell speciﬁcation, it has been shown that the germ plasm
has an instructive role in specifying the germ line (Ephrussi et al.,
1991). In medaka and in zebraﬁsh, a germ plasm containing
maternally inherited Vasa mRNA also directs cells to assume the
germ line fate (Herpin et al., 2007; Raz, 2000). In both ﬁshes, this
process takes place at mid-axial levels in the embryo and not in
the posterior part of the embryo as in the mouse. In ﬁsh,
alteration of axial growth does not affect PGC numbers (Herpin
et al., 2007) unlike what is described in the present report for
the mouse. Chick embryos also seem to allocate their germ line
by a process of preformation (Extavour and Akam, 2003;
Tsunekawa et al., 2000). PGC establishment in the chick takes
place in an anterior broad crescent within extraembryonic tissues
(Tsunekawa et al., 2000).
Germ line allocation in the mouse obeys the second mode of
germ cell establishment: PGCs are induced from the epiblast and
allocated within the extraembryonic mesoderm arising from the
most posterior part of the embryo (Dixon, 1994; Lawson and
Hage, 1994). During the early germ line determination steps,
Wnt3 signaling in the posterior epiblast is needed to allow BMP4
to induce Blimp1 and specify PGCs (Ohinata et al., 2009). This
takes place around E6.0, when Wnt3 is transcribed in the epiblast
and before Wnt3a is expressed. Slightly later at the late streak
stage (E7.2), the PGCs are segregated from the soma and excluded
from the speciﬁcation processes of the axial tissue precursors
happening in the same posterior area. This is executed by Blimp1
that downregulates the somatic genes in the PGC precursors
(Kurimoto et al., 2008). The function and chronology of action of
BMP and Blimp1 during PGC speciﬁcation occur similarly in mice
and other mammals such as the rabbit (Hopf et al., 2011).
Nevertheless, the relative temporal and spatial resolution of these
events varies among mammalian species. In particular, develop-
ment of the allantois, the transient extraembryonic residence of
PGCs is highly divergent among mammals, and the large allantoic
root is a feature speciﬁc to the mouse (Mossman, 1937).
The mouse PGCs reside relatively long within the allantoic
mesoderm (Ginsburg et al., 1990) whereas in rabbit and pig for
example, PGCs generated in the posterior mesoderm at early
streak stages (Hopf et al., 2011; Oestrup et al., 2009; Schafer-Haas
and Viebahn, 2000; Weckelmann et al., 2008) leave this area
rapidly and proceed anterolaterally before the streak elongates,
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bisected, and their posterior halves cultured with or without Wnt3a for 48 h. B—representative photographs of control cultures (a, c) and cultures supplemented with
40 ng/ml Wnt3a (b, d). C—number of PGCs after in vitro culture of posterior parts of embryos dissected at the stages indicated, in medium supplemented or not
supplemented with Wnt3a. Scale bar A: 200 mm; B: 400 mm; black bars on the graph indicate median values. d—only a part of the total PGC population is visible since PGCs
are spread in several planes. The total number is obtained by counting PGCs in different planes of the explants. npo0.001.
M. Bialecka et al. / Developmental Biology 371 (2012) 227–234 233and before the Wnt3a signaling is active and sustains the poster-
ior growth zone. It therefore seems that in the mouse, established
PGCs remain longer than in other mammals within the realm of
inﬂuence of signaling ensuring posterior axial growth from the
primitive streak. In truncated Cdx2null mutants, impairment of
posterior mesoderm proliferation may collaterally affect PGC
maintenance, unless Wnt3a is supplied at the right time. Wnt3a
added to the culture of PGC-containing explants rescues the PGC
population when these explants are from the late streak stage, a
stage corresponding to PGC residence in the posterior mesoderm.
Wnt3a supplied on older explants fails to exert a rescuing effect
on the PGCs, in line with the situation in vivo, when PGCs become
migratory and enter the hindgut endoderm. Exposure of PGC
cultures to Wnt3a would correspond spatio-temporally to their
sensing Wnt3a in the posterior embryonic tissues when they are
still at the base of the allantois in vivo.
In the mouse, the PGC population would have taken opportu-
nistic advantage of the Wnt signaling-niche favorable to axial
progenitor maintenance, and ended up using and depending on
this signaling to maintain its steady state. This would explain thecollateral impact of the Cdx2 mutation on the PGC population.
While the Wnt3a activity on axial progenitor maintenance is
evolutionary conserved and is found in protostomes and deuter-
ostomes (Shinmyo et al., 2005; Takada et al., 1994; Young et al.,
2009), the Wnt3a stimulation on the PGC population would be a
mouse-restricted feature.Acknowledgments
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